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Background

Noise at excessive levels pervades construction work. Workers are exposed to noise from heav
machiner and equipment, transport vehicles, and power tools. One of the noisier pieces of
construction equipment, a pneumatic chip hammer, exceeds 110 decibels (dBA) at 5 feet, whichis
louder than arock band (National Institute for Occupational Safety and Health 1986).

Long-term exposure to loud noise, and the resultant hearin 1oss, hurtsaworker’ s safety on the job,
but also the qualit of life off the job. Noiseisaso believed to affect energy levels, blood pressure,
and heart disease.

Despite therisks of noise exposure faced by construction workers on thejob, the U.S. Occupational
Safety and Health Administration (OSHA) haslargely neglected to enforcenoise-exposure standards
in the industry. Federa

OSHA conducted more than , . :
18 100 . Noise levels measured for some construction equipment
T qonStrUC“ o_n Equipment Decibels  Equipment Decibels
inspections in 27 states in | ppeumatic chip hammer  103-113  Crane 90-96
fiscal year 1997, but issued | Jackhammer 102-111  Hammer 87-95
only 87 citations on 68 | Concretejoint cutter 99-102  Gradedll 87-94

; : ; : Skilsaw 88-102 Front-end loader 86-94
stes, with fines totalin | g Uy 101 Backhoe 84-93
$63,626for noiseviolations | gjqozer 9396  Garbagedisposal (at 3ft) 80
(John  Franklin, OSHA, | Earth Tamper 90-96 Vacuum cleaner 70
personal communication, Source: The Center to Protect Workers Rights.

Oct. 21, 1998). (Fines are
“current” and some could
be lowered upon settlement. The other states are inspected under state plans approved by OSHA.)

In 1981, OSHA amended its occupational noise standard of 1971. The amendment permits an

average exposure to noise of 90 decibels over an 8-hour period, but requires the establishment of a
noise-control/hearing conservation program. The program includes periodic audiometric testin  of
workersin workplaces where the exposure exceeds 85 decibels for 8 hours (Schneider, Johanning,
Bélard, and Engholm 1995); most European countrieshave astandard of 85 decibels (M aller 1998).?
Accordin to Mgdller (1998), the difference between 85 and 90 dBA daily average exposureis that
therisk of hearin impairment doubles. It’ sestimated that, in 1995, more than 650,000 construction
workers were exposed to noise levels of 85 dBA or higher dail (Dale Hattis, Clark University,
personal communication, October 1998). The National Institutefor Occupational Safety and Health,
NIOSH, (1986) has found exposure to noise levels of 80 decibels or higher poses risk for hearing
loss.

!1n some documents, decibels are indicated with “dB.” The “A” signifies that the frequency components of
the noise have been adjusted to the response of the human ear (National Institute for Occupational Safety Health
1986).

’Decibels are measured on a logarithmic scale; 90 is more than twice asintense as 85.



The construction industry, however, was exempted from the OSHA standard amendments of 1981.
Instead, constructionisregulated by a1983 standard, 29 CFR 1926.52, whichrequiresan “ effective”
hearin conservation program when noise exceeds 90 dBA for 8 or more hours, but does not specif
what such a program should include (Lusk, Kerr, Kauffman 1998).

One study of sheetmetal workersin the United States, based on exams, uncovered ahigh prevalence
of hearin loss among such workers over age 39 years in 1975 (Kenney and Ayer). Seventy-five
percent of workersin their 40s and all workers between 50 and 60 years old had what the National
Institutefor Occupational Safety and Health considers” material hearin loss” — an average of more
than 25 dBA loss at 1, 2, and 3 kiloHertz for both ears.

A recent study of hearin loss among Alameda County, California, residents until now has
apparently been the only published multivariate regression analysis of hearing loss in the United
States (Wallhagen, Strawbridge, Cohen, and Kaplan 1997). The study suggested that hearin  acuit
had worsened over time and that the source of that trend might rest with occupational exposures;
however the study was based strictly on self-rated data, which the following analysis has found
unreliable.

Some larger studies have been undertaken in other countries. Studies of nearly 5,000 construction
workersin Germany (Arndt and others 1996), of morethan 100,000 construction workersin Sweden,
and of about 5,000 construction workers in British Columbia, Canada, all found significantl
elevatedrisksof hearin lossresultin  from noise exposure among constructionworkers(Schneider,
Johanning, Bélard, and Engholm 1995). Hearin conservation programs, which include ongoing
audiometric examinations (hearin tests) of construction workers, have been introduced in Sweden
and in British Columbia, based in part on the findings of the studies undertaken in those locations
(Schneider, Johanning, Bélard, and Engholm 1995).

The study presented hereisbelieved to bethefirst multivariate logistic regression analysis based on
hearing-test datafrom national probabilit samplesintheUnited Statesintheearl 1960sand 1970s.
Such datawere collected on adults as part of the medical exam on the original Health Examination
Survey, conducted in 1960-61, and on the first National Health and Nutrition Examination Survey
(NHANESI), whichwasfielded in 1971-75. Both surveyswere conducted under the auspicesof the
National Center for Heal th Statistics. Although subsequent surveys continued to collect hearing-test
data on youth, no subsequent national survey to the authors' knowledge has incorporated hearing
tests of adults.

Onemotivation for thisstudy wasto assessthe extent to which self-rated dataon hearin 1oss, which
has been collected on surveys after 1975, could serve as areliable proxy for hearing-test data for
future analyses. The self-rated data proved unreliable as proxiesfor hearin tests, however; thedata
areincluded on tablesin annex A and discussed in annex B.
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M ethods

Theauthorsanalyzed hearin  1ossamong construction workers, based on audiometric (hearing-test)
and self-rated data.

Hearing-Examination Data

The National Center for Health Statistics published general demographic findings on hearin  loss
from the hearin tests on adults that were conducted as part of the Health Examination Surve
(Glorig and Roberts 1965), but the raw data from that survey module were not made available asa
public-use data set. In 1997, the hearing-test data from the Health Examination Survey were made
availableto theauthorsfrom amaster fileat the National Center for Health Statistics. Summar data
from the file replicated those published by Glorig and Roberts three decades earlier.

Of 6,672 Health Examination Survey adult respondents aged 18 to 79 years receiving a medical
exam, therewere 2,343 malesaged 25 to 65 yearswith relevant hearing-test, occupational, and other
covariate data that could be incorporated into the planned analysis. The anaysis was restricted to
adults 25 to 65 yearsold, in order to combine the two data sets (the adult medical examinationinthe
NHANES | was restricted to those aged 25-74 years) and because of the extensive absence of
occupational reporting after age 65, when many workersretire.

Audiometric (hearing) examinationswereincorporated ontheoriginal NHANESI (1971-74) aspart
of the* detailed exam” administered to asubsample of 3,854 respondents, and as part of the medical
examination given to all 3,059 respondents on the NHANES | “augmentation” sample (1974-75).
Alone and combined, these NHANES subsamples form national probabilit samples. Of the 6,913
adult respondentsreceivin anNHANESI hearin exam, 2,569 met the age and gender requirements
of thisstudy and had compl ete covariate data. The combined Health Examination Survey/NHANES
| sample therefore contained observations on 4,912 respondents (2,343 + 2,569).

For the Health Examination Survey and the NHANESI survey, hearin thresholdsfor each ear were
determined using air-conduction earphones with standard pure-tone audiometers. A description of
audiometric test procedures and equipment and of the acoustic test environment is provided in
reports summarizing the general findings from these examinations on the U.S. population (Glorig
and Roberts 1965; Rowland 1980). Hearin thresholdswere obtained at six frequencies (500, 1,000,
2,000, 3,000, 4,000, and 6,000 Hertz) on the Health Examination Survey and at four frequencies
(500, 1,000, 2,000, and 4,000 Hertz) onthe NHANES . Thresholds from the four frequencies used
on the NHANES | were used in the current analysis.?

3Audiometers used in the Health Examination Survey were calibrated to “audiometric zero” in accordance
with the specifications set forth in 1951 by the American Standards Association, whereas those used in the NHANES
| were calibrated according to standards adopted in 1969 by the American National Standards Institute (Glorig and
Roberts 1965; Rowland 1980). All thresholdsin this study are expressed according to the ANSI standards. Data were
provided to the nearest 5 decibels on the Health Examination Survey and to the nearest decibel on the NHANES .
All NHANES | hearing-test measurements were rounded to 5 decibels to maintain comparability between
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The NHANES | did not provide data indicating length of employment or occupational exposure to
noise.

Hearing-L oss M easur es Used

Sound intensit and hearin loss are measured in decibels (dBA) on a logarithmic scale. The
threshold at which normal hearin  beginsisO decibels. Conversational speech at adistanceof 3 feet
has an intensity of about 60 dBA (National Institute for Occupational Safety and Health 1986).

Hearin thresholds are determined in audiometric exams based on the lowest audible sound level to
the subject at pre-established frequencies. Higher thresholds indicate a greater loss of hearing. An
earl indicator of earl noise-inducedhearin lossistypicall athreshold shiftat around 4,000 Hertz,
with little or no threshold shift at lower frequencies. Such beginning losstendsto go unrecognized,
as the frequencies involved in understanding normal speech are mainly in the 200 Hz to 2,000 Hz
range, although certain consonant sounds and combinations involve frequencies of 3,000 Hz and
higher (National Institutefor Occupational Safety and Health 1986; M aller 1998). Asnoise-induced
hearin loss advances, there is a threshold shift at lower frequenciesinthe range critical to
understanding speech and the threshold shift at 4,000 Hz typically becomes larger. Ability to
discriminate everyday speech isthen affected, becausethe hearin lossat upper frequencies such as
4,000 Hz has become severe or because threshold shifts have extended to the lower frequencies
intimately involved in the discernment of speech, or for both reasons.

Several definitions of hearin  impairment have been put forward, including those by the American
Academ of Ophthamolog and Otolaryngology,the National Institutefor Occupational Safety and
Health, and the U.S. Environmental Protection Agency (Maller 1998). These standardsare based on
anaveragehearin lossinoneear of 25 decibels, over threefrequenciesin thelower rangeimportant
to understanding normal speech. Of the three organizations just mentioned, only the Environmental
Protection Agency hasastandard that recommendsincludinglossat 4,000 Hz. Part of themotivation
underscoring the three standards was to set threshol ds for compensable damage wherethe abilit to
understand speech is affected (Mgaller 1998). This report, with its focus on noise-induced hearing
loss, however, needed a measure that would most likely distinguish such loss from hearing
impairment due to other causes, such as aging or some diseases. And, the intent here was to adopt
adefinition that captured stages of hearing impairment, including the early signs of lossresulting
from noise exposure, which might not yet affect the discernment of speech.

Thus, followin the convention of alarge, prospective study of noise-induced hearing |oss among
Swedish workers in construction (cited in Schneider, Johanning, Bélard, and Engholm 1995), this
study used measures of hearing loss based on a scheme developed by Klockhoff, Drettner, and

Svedberg (1974). The schemebreaksthe audiogram summarizing hearin lossat frequenciesof 500,
1,000, 2,000, 3,000, 4,000, and 6,000 Hz into five sectors, two at thelowest-threefrequenciescritical
to the understanding of normal speech, and three at the triad of high-tone frequencies where

measurements from the two data sets.
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permanent loss due to noiseis often first manifest. The boundary establishing the two sectors at the
lower frequencies was set at 35 dBA at 500 Hz and 30 dBA at 1,000 and at 2,000 Hz. Thresholds
at 30 dBA and at 65 dBA established boundaries reflecting different levels of hearin  1oss among
the high-tone frequencies.

Inthe Swedish study, anarra of hearing-test resultsrestin  exclusively below all thresholdsfor the
lower and higher frequency ranges established the criteria for normal hearing, whereas readings
extending beyond thethreshol dsindicated lossof hearing of varying degrees. Because noise-induced
hearing loss is often most pronounced at 4,000 Hz or above, and because the Klockoff measures
generall required only onethreshold shift readin  among the three higher frequencies, the readings
at 3,000 Hz and 6,000 Hz were, in effect, redundant.

Using the Klockhoff scheme, the anal ysi sadopted 4 hearing-test measuresto show progressive levels
of noise-induced hearing loss:
® SLIGHT Slight high-tone loss; at 4,000 Hz, a threshold shift of 30 dBA or more.
® MODERATE Moderate high-tone loss; at 4,000 Hz, athreshold shift of 65 dBA or more
® SEVEREL SLIGHT loss plus one or two, but not all three, hearing-test readings above
the normal threshold at:
* 500 Hz (35 dBA)
» 1,000 Hz (30 dBA) or
* 2,000 Hz (30dBA).
Noise-induced loss has advanced so the lower frequenciesinvolved in the
discrimination of normal speech are affected. (Becausetwo, but not all three,
hearing-test readings at the lower frequencies may exceed the normal range,
the potential ambiguity arising from hearing loss in that range being due to
factorsnot associated with noiseislargely avoided, accordin to Klockhoff.)
® SEVERE2 Combination of individuas who meet criteria for MODERATE or
SEVEREL. Thisdefinition wasadded asabroader indicator of noise-induced
hearin lossaffectin understanding of speech; evidence suggeststhat failure
to discern normal speech where there is ambient background noise and for
certain consonant combinations occurs when high-tone threshold shifts are
aslarge asthose indicated for the MODERATE categor alone (Klockhoff,
Drettner, and Svedberg 1974).*

“The above definition of SLIGHT departed from that provided by Klockhoff, Drettner, and Svedberg
(1974) in that slight high-tone loss was restricted under the origina schemeto the middle sector among high-tone
frequencies, whereas there was no upper-bound restriction of hearing loss at 4,000 Hz for our measure. The
motivation of our analysis, however, was not strictly to classify the hearing loss among construction workers, as
much as it was to conduct a comparative anaysis of hearing loss between such workers and those in other industries.
This underlying motivation, along with the use of progressively more restrictive audiometric thresholds in our
empirical analysis obviated the need to make such added delineation. Our measure of SLIGHT, and of MODERATE
for that matter, also departed from counterpartsin the original scheme in that no reading outside of the normal
threshold among the lower 3 frequencies was permitted in fulfilling the criteria for these measures under that scheme.
Klockhoff maintained that the presence of hearing loss affecting discrimination of speech in the face of just dight
lossin the upper-frequency range created ambiguity as to whether the loss was strictly attributable to noise exposure.
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For reasons that are apparentl not well understood, noise-induced hearin loss generall becomes
manifest first in the left ear (Gasaway 1994). For this reason and, again, followin the conventions
established in the Swedish study, all findings reported here are based on measurements in the left
ear. The findings were not significantl altered when separate analyses (not shown) were run on
measurements for the right ear, the ear that had the least hearing loss (the “better” ear), or the

“worse” ear.

Occupational and Industrial Classifications

The standard occupational and industrial classifications used in government surveys were modified
from 1960 to 1990. For thisanalysis, however, with broad industrial categories, the changes are not
significant.

The choice of industrial and occupational classification for the analysisreflected both an interest in
maintaining consistency in definition across survey years as well as a practical response to the
constraint of sample sizeswithin industries and occupations. Construction and manufacturing were
treated as industries. Mining was treated as a separate industry, where the large sample size of the
National Health Interview Survey permitted. The“other” industrial categor covered workersinall
other industries.

To reflect the difference in noise exposures for production versus nonproduction workers, this

analysis created, in addition, abroad occupational split between blue- and white-collar jobs. Earlier
research on hearin lossin the Swedish construction industry adopted asimilar split between office
and non-officejobs (Schneider, Johanning, Bélard, and Engholm 1995). White-collar here consists
of workersin technical, professional, managerial, sales, and clerical jobs. Blue-collar includes all
other occupations.

The Statistical Model Used

Multivariate logistic regressions were run on the dichotomous hearing-test and self-rated measures
of hearin lossdescribed above.® The analyseswere run on mal e respondents, 25to 65 yearsold. The

On the other hand, that scheme permitted just such a pattern in the definition of SEVERE1, above, aslong as none of
three high-tone frequency measures rested in the sector for normal hearing. Aswe had available to usonly one
common high-tone frequency measure in our data, the level of discrimination called for in the above criteriawas not
possible. On the other hand, the use of severa and progressively restrictive measures in our analysis again mitigated
the need to strictly adhere to those guidelines. Furthermore, the Swedish study, the largest ever undertaken of noise-
induced hearing loss among construction workers, adopted the definition for SLIGHT used in the current analysis
(cited in Schneider, Johanning, Bélard, and Engholm 1995; Gdran Engholm, Arbetarskyddsstyrelsen, Sweden,
personal communication, February 1997).

®Given the large quantity of data and a straightforward research question, this study used regression
analysis. Regressions use statistical methods to try to show whether there is a connection between two or more
factors, known as variables or covariates. The main question in this study iswhether being a construction worker is
likely to explain someone’ s being hard of hearing. The study is multivariate because it considers severa factors that
might contribute to loss of hearing, such as being a production or nonproduction worker, age, or residencein an
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analysiswasrestricted to mal es, becausethey made up morethan 95% of the construction workforce
during the period of theanalysis (Bureau of the Census 1972, 1989). Theanalysiswasrestricted also
to the working-age population, because occupational reporting is less prevalent and less reliable
during retirement years. Because of the phenomenon of progressive hearin oss associated with
aging, the analysis was age adjusted; the statistics were designed to rule out aging as afactor. The
authors also ran age-stratified models, one for all workers aged 25 to 44 years, the other covering
those aged 45 to 65 years. Age stratification permitted a focus on the approximate age of onset of
noise-induced hearin loss and its progression with age. Last, the time between the Health
Examination Survey and NHANES I facilitated atentative assessment of self-rated hearin lossover
time for the younger cohort, before and after implementation of the OSHA noise standard in 1971.

The analysis took into account metropolitan status of residence, with rural residence used as the
referent compared to urban and suburban residence. Another factor considered was race, white and
nonwhite. Theindustrial categoriesused were construction, manufacturing and mining, and “ other”
(industry other than construction, manufacturing, or mining). The class of work that was expected
to have the least risk of hearing loss from exposure to noise— white collar, other — was used as
the referent.

Additional covariates were entered into certain sub-analyses (not shown) to test the effects of
variablesthat were not available on all databases used. For instance, status as aveteran of the armed
forces, given the likdy exposure to impulse noise from explosions or gunfire, was incorporated in
separate National Health Interview Survey models. The data showed that being a military veteran
wassignificantl associated with hearin loss, but that status did not significantl  alter the reported
results. Some findings on the ear from the medical exams — exudate, perforated or malformed ear
drum— wereal so entered into separate Heal th Examination Survey/NHANESI analyses, again with
no significant effect on the reported results.

Results

Audiometric (hearing) test measures of hearing loss show an expected pattern (table 1). The
prevalenceof lossof hearingin the higher-frequency range probably attributable to noise exposure
(SLIGHT) far exceeded the prevalence of more-severe hearing loss that impaired the ability to
understand speech (for all groups). For men aged 25 to 65, who were tested in the combined Health
Examination Survey/NHANES | surveys:
® 57% had no significant noise-induced hearing loss
® 43% had some high-tone loss (SLIGHT)
® 11% had moderate high-tone loss (MODERATE)
® 11% had high-toneloss coupled with significant lossin thelower frequenc rangescritical
to the understanding of normal speech (SEVEREL)
® 18% had a significant-enough high-tone threshold shift to affect the understanding of
speech of one or some high-tone loss coupled with loss in the lower-frequencies where
understanding speech was likely affected. (SEVERE2)
In addition, the breakdown by age clearl demonstrates, as one would expect, progressive hearing

urban area. Odds ratios show the percentage increase or decrease in the likelihood of hearing loss associated with a
given characteristic (see tables 3a-3c).
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losswith age. Therate of hearin |ossamong the older group, accordin to the most stringent of the
test measures — SEVERE1 and SEVERE2 — was 3 to 4 times the rate of the younger group.

Status as a blue-collar versus a white-collar worker served as a critical marker for risk of hearin
loss (tables 2a-2c). Higher rates of hearin loss were evident among blue-collar compared with
white-collar workers across nearl all tested measures, lending support to the hypothesis that the
socioeconomic factor in hearin loss identified in recent research (Ries 1994) may be intimatel
connected with occupational noise exposure.

In terms of industry-specific measures of hearin loss in the two broad occupational groups —
production and nonproduction workers— construction workers tended to show higher rates of loss
than workersin other industries, especial for hearing-test measures, like MODERATE, that were
calibrated to extensive threshold shifts in the frequenc range most sensitive to loss due to noise
exposure (tables 2a-2c).

On hearin exams, blue-collar workers in each industry group show significantly higher odds of
experiencing hearingloss than do white-collar workersin “other” industries, thereferent group (table
3d). Indeed, intheall-age analysis (25-65 yrs.), the odds of hearin |osstended to be positive among
white-collar construction and white-collar manufacturing or mining workers compared with their
white-collar counterparts in other industries, but not by a statistically significant amount.

Blue- and White-Collar Workersby Industry

In industry-specific results among blue-collar workers, construction uniformly experienced the
greatest risk of noise-induced hearin lossacrossall hearing-test measures, with manufacturing and
mining workers experiencing the next-highest risk. For the measure of hearin 1oss constructed to
capture substantial high-tone threshold shifts related to noise exposure (MODERATE), blue-collar
construction workers experienced more than 3.5 times the risk experienced by white-collar workers
in “other” industries (1.0). This was aso the most elevated relative risk uncovered in al of the
multivariate analyses, and one that applied to each age group (tables 3b and 3c).

Blue-collar construction workersal so experienced higher oddsof hearin lossthat extended into the
lower frequenc range, affectin  discernment of normal speech (SEVEREL). But their particularl
high risk of experiencing considerable high-tone loss (MODERATE), which can alone affect the
understanding of normal speech, madethe global relativerisk of having hearin problems affectin
normal speech (SEVERE?2) greater still among such workers.

Blue- and White-Collar Workersby Age Group and Industry

The overall pattern described above for workers aged 25 to 65 years was generally repeated in the
analyses broken down by age group (tables 3b and 3c). Among the younger group, the disparity in
hearin loss between blue-collar and white-collar workers wasjust as strong as it was among older
workers, suggesting that the onset of such loss begins at an early age.

As with the all-age analysis, the elevated risk of hearin loss across hearing-test measures was
greater for blue-collar construction workers than for their counterparts in other industriesin the
analyses stratified by age. The gap in relative risk of substantia high-tone hearing loss
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(MODERATE) between blue-collar construction workers and blue-collar manufacturing and mining
workers, however, was smaller among the younger group than among the older group, suggesting
that young workers in manufacturing and mining are exposed to harmful levels of noise, aswell.

Discussion

Thisanalysis conclusively demonstratesthat blue-collar workersfaced elevated risk of hearin loss
in 1960-75, the only yearsfor which national hearin test dataare available. Occupational exposure
to noise among such workers was likel  responsible, in part, for recent studies that have shown a
connection between socioeconomic status and hearing loss (Ries 1994). The multivariate analysis
of hearing-test data for the 1960s and 1970s demonstrates that such elevated risk of hearing loss
began relatively young. Where self-rated surveys are considered, it appears that the |oss was often
at frequencies where those affected were unaware of the progressive damage to their hearing (see
annexes A and B). Thisrisk for noise-induced hearin losswas particularl heightened among blue-
collar construction workerswhere, by certain measures, younger and older workerswere more than
3 times as likely to suffer such loss as white-collar workersin industries outside of construction.

The gap in relative risk of substantial high-tone hearin loss (MODERATE) between blue-collar
workers in construction and those in other industries, however, was smaller among the younger
group than among the older group.

Limitations of the Study

Totheauthors knowledge, thisanalysisisthe most comprehensive and detailed account of hearin
lossresultin from noise exposure by industrial categor inthe United States. Limitationsinthedata
and analysis, however, prevented a comprehensive and precise assessment of hearing loss due to
noise exposure in construction. The small size of the statistical sample on the surveys containing
hearing-test results prevented separating out the relative risks for detailed occupations, in and out
of construction. Because of alack of data on job tenure, the analysis did not consider duration of
occupational exposure, except to use age as a crude proxy. Yet, duration of exposure is clearl
critical with respect to permanent threshold shiftsin hearin due to noise exposure (Mgller 1998;
Schneider, Johanning, Bélard, and Engholm 1995).

Asnoted earlier and detailed in annex B, comparison of self-rated datawith hearing-test results has
shown that self-rated data are inadequate for detectin  beginning and, even, moderate hearin loss
due to noise exposure. Also, the self-rated data provide only arough, ex-post picture of the pattern
of hearing loss across different occupations and industries.

Comparison with Swedish Results

The prevalence of dlight hearin loss of 38% for construction workers at 25 to 44 yearsis nearl
identical to theroughly 40% of Swedish sheet-metal workersreportedly having such lossin 1971-80
at the midpoint of the same age range (Schneider, Johanning, Béard, and Engholm 1995).° On the

°A study in Germany by Arndt and others (1996) set different parametersin its hearing tests — for instance,
setting a threshold of an additive total of 105 decibels across 3 frequencies— and focused on 6 construction
occupations that might not be representative of the industry as awhole. The study also used a different control group.
Thus the results from this analysis are not directly comparable.
Work-Related Hearing Lossin Construction, 1960-75 9



other hand, morethan 80% of sheetmetal workersin the older age group reportedly had such hearin

losscompared to 71% of blue-collar construction workersinthe United States (table 2¢) (Schneider,
Johanning, Bélard, and Engholm 1995). The 80-to-71 discrepancy may be due in part to greater
exposure to noi se among sheetmetal workersthan among construction tradeworkersasawhole, and
asotoalikel longer occupational tenure, and hence exposure, among the older sheetmetal workers.

The prevalence of dight beginning hearin loss among Swedish office workers in construction
companies, on the other hand, was closer for each respective age group to the prevalence reported
for “other” industry white-collar workers than for white-collar construction workers in the United
States. Many white-collar construction workers in the United States are not office workers, but
managers of their own construction businesses, where they participate on site, and are thus more
exposed to noise and susceptible to hearing loss than are office workers.

The Role of OSHA Regulation

Although federal occupational noise standards have been notoriously weaker and less-stringentl
enforced in construction than in manufacturing in the United States (Schneider, Johanning, Bélard,
and Engholm 1995), this analysis using the combined Health Examination Survey/NHANES |
surveysindicates that the higher relative risk of hearin loss among construction workers predated
OSHA and the federal noise standard. (OSHA began enforcing the noise standard in June 1971,
adopting the provisionsof the 1969 Amendment of the Walsh-Healy Public Contracts Act permitting
aweighted exposure to noise of 90 decibels over an 8-hour period. An amendment to the OSHA
standard in 1981 mandated a hearing conservation program if noise exceeded 85 decibels; this
applied toindustrial, but not construction workers. Construction isregulated by a 1983 standard, 29
CFR 1926.52, which requires an “effective” hearin conservation program when noise exceeds 90
dBA for 8 or more hours, but does not specify what such a program should include. [Lusk, Kerr,
Kauffman 1998])

Safety and Financial Costs of Hearing L oss

Certainly there are easil  identifiable costs associated with hearing loss. A projection of workers
compensation claims for occupational hearingloss among constructionworkersof about $20 million
(Canadian) prompted British Columbiatointroduceahearin conservation programinthat province
in the mid-1980s (Schneider, Johanning, Bélard, and Engholm 1995). Such claimsfor all industries
in the United States were estimated to be $835 million from 1978 to 1987 (National Institute for
Occupational Safety and Health 1986).

A full analysis of the benefits associated with a strengthened regulatory effort to conserve hearing
in the construction industry, however, would recognize several of the often unrecognized effects
associated with noise and hearin loss. For instance, there are adverse effects of hearin  |oss other
than permanent threshold shifts, such astinnitus (ringin inthe ears) and temporary threshold shifts
(Mgller 1998; Sataloff and Satal off 1993).

One study among ironworkers showed that balanceand hearin losswereintimatel connected, and
that therate of accidental fallson construction sites, one of the most prevalent occupational injuries
in construction, might have an association with hearin loss (Kilburn, Warshaw, and Hanscom
1992). Other studies have shown arelationship between noise and high blood pressure, circulatory
problems, and hormonal imbalances (Maller 1998). Reduction in hearin is also associated with
psychol ogical problemsthat can have aprofound effect on one’ ssocial integration and overall sense

10 Waitzman and Smith



of well-being (Meadow-Orlans 1985). Any study undertaking a cost-benefit analysis of extending
ahearin conservation program to construction trade workers ought to be as sensitive as possible to
this context of hearing loss in the larger etiology of safety and illness.

Recommendations

The study was limited in scope, but the findings point up three clear needs. First, there is aclear
rationale for abroad and concerted effort to gather new hearing-test data so asto accurate  assess
the current statusof hearin lossinthe country, to pinpoint particular occupationsthat are especiall
problematic, and to fill in the large gaps regarding trends since the 1970s.

Second, thelargerelative risksassoci ated with occupational noi se exposure pointed up by thisstudy,
particularl intheconstructionindustry, suggest that renewed attention be given to thefedera effort
in noise conservation at the construction worksite. However, the persistent gap in hearing loss
between production workers in manufacturing, where federal enforcement has been well targeted,
and nonproduction workersin all other industries, even after implementation of an OSHA standard,
demonstrates that enforcement alone may not solve the problem.

Third, and perhaps most fundamental to reducing work-related hearing loss, would be the
introduction of a comprehensive hearing conservation program in the construction industry (and
other industries that demonstrate elevated hearin 10ss). Such a program would include on-site,
periodicaudiometrictestin of workers, aswell asworker education. Hearing conservation programs
in construction have been in placein British Columbia, Canadasincethe mid-1980s, and in Sweden
since 1969 (Schneider, Johanning, Bélard, and Engholm 1995). In British Columbia, from 1988 to
1997, average hearin loss has been significantl reduced, particularl for workers having 16 to 25
years of exposure, in these groups: carpenters, electricians, equipment operators, laborers, and
welders (Christine Harrison, Workers' Compensation Board of British Columbia, personal
communication, October 1998). The prevalence of hearing loss among construction workers has
dropped across age groups for each decade of the Swedish program (Schneider, Johanning, Bélard,
and Engholm 1995).
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Annex A: Tables

1. Weighted sample proportions and aver age age, by survey and age group

HES (1960-62)/NHANES | (1971-75)

NHIS (1990, 1991)

Ages 25-65 Ages25-44 Ages45-65 Ages 25-64 Ages25-44 Ages 45-65
Mean Std. Dev Mean Std Dev Mean Std Dev. Mean Std Dev Mean StdDev  Mean  Std Dev
Age (years) 43.8 11.3 34.5 5.8 54.1 5.6 41.6 11.0 34.3 5.6 53.8 5.8
Urban 0.29 0.45 0.28 0.45 0.31 0.46 0.30 0.46 0.31 0.46 0.25 0.49
Suburban 0.39 0.49 0.43 0.50 0.34 0.47 0.47 0.50 0.47 050 0.47 0.50
Rural 0.32 0.47 0.29 0.45 0.36 0.48 0.22 0.42 0.21 0.41 0.24 0.43
Race (White) 0.87 0.34 0.87 0.34 0.86 0.34 0.85 0.36 0.85 0.36 0.85 0.36
White collar
Construction 0.02 0.12 0.01 0.12 0.02 0.13 0.02 0.14 0.02 0.14 0.02 0.14
Man/Mining 0.07 0.25 0.08 0.27 0.05 0.22 0.08 0.27 0.08 0.27 0.08 0.26
Other 0.21 0.40 0.22 0.41 0.19 0.39 0.28 0.45 0.29 0.45 0.27 0.34
Blue collar
Construction 0.08 0.27 0.08 0.27 0.08 0.27 0.08 0.27 0.09 0.28 0.06 0.23
Man/Mining 0.21 0.41 0.23 0.42 0.19 0.39 0.15 0.35 0.16 0.36 0.13 0.34
Other 0.42 0.49 0.38 0.48 0.47 0.50 0.40 0.49 0.37 0.48 0.44 0.50
Hearing L oss
Slight 0.43 0.50 0.27 0.44 0.61 0.49 N/A N/A N/A
Moderate 0.11 0.31 0.05 0.21 0.18 0.38 N/A N/A N/A
Severel 0.11 0.31 0.05 0.21 0.17 0.38 N/A N/A N/A
Severe2 0.18 0.38 0.09 0.28 0.28 0.45 N/A N/A N/A
Self-rated scale 0.14° 0.34° 0.08" 0.27° 0.19° 0.39" 0.08 0.28 0.05 0.22 0.14 0.35
GALDET-1 N/A N/A N/A 0.08 0.27 0.05 0.21 0.14 0.34
GALDET-2 N/A N/A N/A 0.03 0.16 0.01 0.11 0.05 0.21
Sample Size (N) 4,912 2,573 2,339 55,651 34,956 20,695
(N) = number.
N/A = not applicable.
Note: All measures of hearing loss are on the left ear, except for GALDET-1 and GALDET-2, which are on both ears.
Work-Related Hearing Loss in Construction, 1960-75 13



2a. Sample sizes and weighted sample proportions for selected audiometric and self-rated measures, left ear, by industry group, by survey, ages 25-65
NHANES | self-rated

HES/NHANES | audiometric measures measure NHIS self-rated measures

Sample Sample Self-rated Samplesize (SRS Self-rated
Industry group size Slight Moderate Severel  Severe2  size scale (SRS) Galdet-2) scale (SRS)  Galdet-2
White collar
Construction 75 0.47 0.12 0.09 0.19 39 0.18 1,124/1,119 0.07 0.027
Man/Mining 326 0.31 0.08 0.07 0.12 170 0.08 4,343/4,323 0.07 0.014
Other 1,010 0.35 0.07 0.08 0.13 609 0.12 15,704/15,644 0.06 0.015
Blue collar
Construction 381 0.54 0.17 0.13 0.23 196 0.17 4,256/4,238 0.09 0.029
Man/Mining 1,041 0.46 0.10 0.13 0.19 510 0.15 8,198/8,151 0.10 0.028
Other 2,079 0.46 0.13 0.11 0.19 1,039 0.14 22,026/21,910 0.10 0.035

SRS = self-rated scale.

HES is the Health Examination Survey; NHANES |, the first National Health and Nutrition Examination Survey; and NHIS, National Health Intervie
Survey (NHIS)

Note: GALDET-1 and GALDET-2 are ratings based on hearing in both ears; other surveys are based on hearing in left ear. Hearing thresholds for
audiometric measureswere: SLIGHT, >30 dBA at 4 kHz; MODERATE, >65 dBA at 4,000 Hz; SEVEREL1, [SLIGHT or MODERATE] and one or two, but not all
three, of thefollowing triad [>35 dBA at 500 Hz, >30 dBA at 1,000 Hz, >30dBA at 2,000 Hz]; SEVERE2, SEVERE1 or MODERATE. Hearing thresholds for
self-rated measures were: SRS, has “little trouble hearing” or worse; GALDET-1, “has trouble hearing whisper across quiet room” or worse; GALDET-2, “has
trouble hearing normal speech across quiet room™” or worse.

Source: The National Center for Health Statistics, Department of Health and Human Services.
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2b. Sample sizes and weighted sample proportionsfor selected audiometric and self-rated measur es, by industry group, by survey, ages 25-44

HES/NHANES | audiometric measures

NHANES | self-rated
measure NHIS self-rated measures

Sample Sample  Self-rated Samplesize (SRS Self-rated
Industry group Size Slight Moderate Severel  Severe?2  Size scale (SRS) Galdet-2) scale (SRS)  Galdet-2
White collar
Construction 36 0.25 0.00 0.00 0.00 16 0.13 684/681 0.05 0.02
Man/Mining 207 0.22 0.04 0.04 0.07 89 0.06 2,783/2,777 0.04 0.01
Other 562 0.21 0.02 0.04 0.06 319 0.08 10,092/10,076 0.04 0.01
Blue collar
Construction 199 0.38 0.09 0.07 0.14 Q0 0.13 3,056/3,049 0.06 0.02
Man/Mining 600 0.32 0.05 0.06 0.10 277 0.08 5,480/5461 0.07 0.02
Other 969 0.26 0.06 0.05 0.09 401 0.07 12,861/12,815 0.05 0.02

SRS = Self-rated scale.
HES is the Health Examination Survey; NHANES |, the first National Health and Nutrition Examination Survey; and NHIS, National Health Intervie

Survey (NHIS)

Note: GALDET-1 and GALDET-2 are ratings based on hearing in both ears; other surveys are based on hearing in left ear.
Hearing thresholds for audiometric measureswere: SLIGHT, >30 dBA at 4,000 Hz; MODERATE, >65 dBA at 4,000 Hz; SEVEREL, [SLIGHT or MODERATE]
and one or two, but not al three, of the following triad [>35 dBA at 500 Hz, >30 dBA at 1,000 Hz, >30 dBA at 2,000 Hz]; SEVERE2, SEVEREL or

MODERATE. Hearing thresholds for self-rated measures were: SRS, has at least a“little trouble hearing”; GALDET-1, has at least “trouble hearing whisper

across quiet room”; GALDET-2, has at least “trouble hearing normal speech across quiet room.”
Source: The National Center for Health Statistics, Department of Health and Human Services.
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2c¢. Sample sizes and weighted sample proportionsfor selected audiometric and self-rated measures, by industry group, by survey, ages 45-65

HES/NHANES | audiometric measures

NHANES | self-rated
measure

NHIS self-rated measures

Sample Sample Self-rated Samplesize (SRS Self-rated
Industry group size Slight  Moderate  Severel  Severe2  size scale (SRS) Galdet-2) scale (SRS)  Galdet-2
White collar
Construction 39 0.67 0.23 0.18 0.36 23 0.22 440/438 0.11 0.04
Man/Mining 119 0.45 0.13 0.13 0.21 81 0.10 1,560/1,546 0.12 0.03
Other 448 0.51 0.13 0.14 0.21 290 0.17 5,612/5,568 0.10 0.03
Blue collar
Construction 182 0.71 0.26 0.21 0.34 106 0.20 1,200/1,189 0.16 0.07
Man/Mining 441 0.66 0.17 0.23 0.32 233 0.23 2,718/2,690 0.17 0.05
Other 1,110 0.62 0.19 0.16 0.28 638 0.19 9,165/9,095 0.16 0.06

SRS = Self-rated scale.

HES is the Health Examination Survey; NHANES |, the first National Health and Nutrition Examination Survey; and NHIS, National Health Intervie
Survey (NHIS)

Note: GALDET-1 and GALDET-2 are ratings based on hearing in both ears; other surveys are based on hearing in left ear. Hearing thresholds for
audiometric measures were: SLIGHT, >30 dBA at 4,000 Hz; MODERATE, >65 dBA at 4,000 HZ; SEVEREL, [SLIGHT or MODERATE] and one or two, but
not all three, of the following triad [>35 dBA at .5 kHz, >30 dBA at 1 kHz, >30 dBA at 2,000 Hz]; SEVERE2, SEVERE1 or MODERATE. Hearing thresholds for
self-rated measures were: SRS, has “little trouble hearing” or worse; GALDET-1, “has trouble hearing whisper across quiet room” or worse; GALDET-2, “has

trouble hearing normal speech across quiet room™” or worse.
Source: The National Center for Health Statistics, Department of Health and Human Services.
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3a. Oddsratios from logistic multivariate regressions on audiometric and self-rated measur es of hearing loss, ages 25-65

HES (1960-62)/NHANES | (1971-75) NHANES| (1971-75) NHIS (1990, 1991)
Self-rated Self-rated
Covariate Slight Moderate Severel Severe2 Severel scale scale Galdet-1 Galdet-2
Age 1.08™ 1.08™ 1.08™ 1.08™ 107" 1.04™ 1.06™ 1.06™ 107"
Urban 0.55™ 0.61™ 0.95 0.75™ 0.90 0.63 0.67"" 0.62"™ 0.67""
Suburb 0.64™ 0.68™ 0.92 0.74™ 1.03 0.74" 0.80™ 0.74™ 0.81™
Race (White) 2.31™ 3.37 167" 2.24™ 1.60° 1.44 2.62" 2.43™ 180"
HES Sample 0.79™ 1.24” 119 1.24™ N/A N/A N/A N/A N/A
White-collar
Construction 1.47 1.48 1.20 1.32 0.80° 2.20” 1.09 121 1.65"
Man/Mining 0.98 141 1.09 121 0.82° 0.60°
Manufacturing 114 1.06 0.93
Mining 171" 155 1.33™
Other 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Blue-collar
Construction 2.90™ 3.57" 2.06™ 247 2.28"™ 155 1.64™ 1.80™ 2.32"™
Man/Mining 2.19™ 2,22 191 2.10™ 171 143"
Manufacturing 1.90™ 1.95™ 2.06™
Mining 2.70™ 2.90™ 2.38"™
Other 1.59™ 2.09™ 1.46™ 174 172 1.00 1.53™ 1.63™ 2.12™
Hearing Loss (N) 2,113 536 526 871 318 350 4,671 4,442 1,443
Sample Size (N) 4,912 4,912 4,912 4,912 2,569 2,563 55,385 55,542 55,542

*RI<.10 " p<.05 ™ p<.01
(N) = Number.

HES is the Health Examination Survey; NHANES I, the first National Health and Nutrition Examination Survey; and NHIS, National Health Intervie
Survey (NHIS)

Note: GALDET-1 and GALDET-2 are ratings based on hearing in both ears; other surveys are based on hearing in left ear. An oddsratio of 1.0 isthe
norm. An odds ratio of 1.47 shows a47% increase in risk of hearing loss associated with the given characteristic (such as being awhite-collar construction
worker). Hearing thresholds for audiometric measures were: SLIGHT, >30 dBA at 4,000 Hz; MODERATE, >65 dBA at 4,000 Hz; SEVEREL, [SLIGHT or
MODERATE] and one or two, but not all three, of the following triad [>35 dBA at 500 Hz, >30 dBA at 1,000 Hz, >30dBA at 2,000 Hz]; SEVERE2, SEVERE1
or MODERATE. Hearing thresholds for self-rated measures were: SRS, has “little trouble hearing” or worse; GALDET-1, “has trouble hearing whisper across
quiet room” or worse; GALDET-2, “has trouble hearing normal speech across quiet room” or worse.

Source: The National Center for Health Statistics, Department of Health and Human Services.
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3b. Oddsratios from logistic multivariate regressionson audiometric and self-rated measures of hearing loss, ages 25-44

HES (1960-62)/NHANES | (1971-75) NHANES | (1971-75) NHIS (1990, 1991)
Self-rated Self-rated
Covariate Slight Moderate Severel Severe2 Severel scale scae Galdet-1 Galdet-2
Age 108 108 1.09 1.09™ 110" 1.05™ 107" 1.07" 1.08™
Urban 0.52"" 0.82 0.56™ 0.68™ 0.23™ 0.49™ 0.67" 0.61™" 0.65™
Suburb .71 0.61" 0.92 0.71" 1.20 0.53™ 0.75™ 0.70™ 0.76"
Race (White) 231" 15.89™ 1.88 3.83™ 2.09 1.16 3.13™ 281" 2.16™
HES Sample 0.70™ 0.90 131 111 N/A N/A N/A N/A N/A
White-collar
Construction 0.85 0.00 0.00 0.00 0.00 3.18" 1.09 1.28 2.05"
Man/Mining 0.91 1.45 117 114 1.33 0.51
Manufacturing 1.10 0.99 0.80
Mining 1.53 143 1.48™
Other 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Blue-collar
Construction 279" 3.50™ 2.34" 265" 2.64” 2.00° 163" 1.80™" 2.10™
Man/Mining 201" 3.03™ 1.94” 240" 1.91° 1.20
Manufacturing 1.99™ 1.99™ 2.19™
Mining 255" 257" 264"
Other 1.38" 242 1.92" 195 1.72 0.82 154" 1.66" 2.25™
Hearing Loss (N) 694 122 124 220 64 96 1,760 1,625 443
Sample Size (N) 2,573 2,573 2,573 2,573 1,195 1,096 34,859 34,912 34,469

Ry e P

N/A = Not applicable
Survey (I{ﬂ_llilssgsthe Health Examination Survey; NHANES , the first National Health and Nutrition Examination Survey; and NHIS, National Health Intervie

Note: GALDET-1 and GALDET-2 are ratings based on hearing in both ears; other surveys are based on hearing in left ear. An oddsratio of 1.0 isthe
norm. An odds ratio of 0.52 shows about half the normal risk of hearing loss associated with a given characteristic (such asliving in an urban area). Hearing
thresholds for hearing-test measures were: SLIGHT, >30 dBA at 4 kHz; MODERATE, >65 dBA at 4,000 Hz; SEVEREL1, [SLIGHT or MODERATE] and one or
two, but not al three, of the following triad [>35 dBA at 500 Hz, >30 dBA at 1,000 Hz, >30dBA at 2,000 Hz]; SEVERE2, SEVERE1 or MODERATE. Hearing
thresholds for self-rated measureswere: SRS, has “little trouble hearing” or worse; GALDET-1, “has trouble hearing whisper across quiet room” or worse;
GALDET-2, “has trouble hearing normal speech across quiet room” or worse.

Source: The National Center for Health Statistics, Department of Health and Human Services.
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3c. Oddsratios from logistic multivariate regressionson audiometric and self-rated measur es of hearing loss, ages 45-65

HES (1960-62)/NHANES | (1971-75) NHANES| (1971-75) NHIS (1990, 1991)
Self-rated Self-rated
Covariate Slight Moderate Severel Severe2 Severel scale scale Galdet-1 Galdet-2
Age 1.08™ 107" 107" 1.08™ 1.06™ 1.04™ 1.05™ 1.05™ 107"
Urban 0.57™ 0.54™ 112 0.78" 1.20 0.73 0.68™ 0.63™ 0.68™
Suburb 0.57™ 0.69™ 0.89 0.73™ 0.93 0.93 0.83™ 0.77" 0.83”
Race (White) 2.39™ 2.40™ 1.56™ 1.83™ 154 161 2.36™ 2.24™ 1.66™
HES Sample 0.90 1.40™ 1.17 132" N/A N/A N/A N/A N/A
White-collar
Construction 2.50™ 217 1.68 2.18” 1.24 1.32 1.08 1.16 1.45
Man/Mining 1.02 1.43 0.98 1.25 0.579 0.656
Manufacturing 1.83™ 1.10 1.00
Mining 1.90” 1.67 1.25
Other 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Blue-collar
Construction 3.08™ 3.54™ 1.98™ 2.38™ 2.20™ 131 1.69™ 1.82"" 2.50™
Man/Mining 2.33™ 1.86™ 1.88™ 1.90™ 1.62” 1.60”
Manufacturing 1.16 1917 1.98™
Mining 297 3.36™ 2.18
Other 1.84™ 1.94™ 1.40” 1.69™ 1.78™ 112 1.60™ 167" 207
Hearing Loss (N) 1419 414 402 651 254 254 2,911 2,817 1,000
Sample Size (N) 2,339 2,339 2,339 2,339 1,374 1,371 20,526 20,630 20,630

(Rl<)é0NurFT)1<b'gr5 p<.01

N/A = Not applicable.

HES is the Health Examination Survey; NHANES [, the first National Health and Nutrition Examination Survey; and NHIS, National Health Intervie
Survey (NHIS).

Note: GALDET-1 and GALDET-2 are ratings based on hearing in both ears; other surveys are based on hearing in left ear. An oddsratio of 1.0 isthe
norm. An odds ratio of 2.5 shows a 250% increase in risk of hearing loss associated with a given characteristic (such as being awhite-collar construction worker).
Hearing thresholds for audiometric measureswere: SLIGHT, >30 dBA at 4,000 Hz; MODERATE, >65 dBA at 4,000 HZ; SEVEREL, [SLIGHT or MODERATE]
and one or two, but not all three, of the following: [>35 dBA at 500 Hz, >30 dBA at 1,000 Hz, >30 dBA at 2,000 Hz]; SEVERE2, SEVERE1 or MODERATE.
Hearing thresholds for self-rated measures were: SRS, has “little trouble hearing” or worse; GALDET-1, “has trouble hearing whisper across quiet room” or worse;
GALDET-2, “has trouble hearing normal speech across quiet room” or worse.

Source: The National Center for Health Statistics, Department of Health and Human Services.
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Annex B: Self-Rated Surveys

The measures of self-rated hearin loss used in this analysis were developed in the mid-1960s after
thefielding of the original Health Examination Survey (Ries 1985). Self-rated dataon hearin  status
weretaken from theinterview portion of thefirst National Health and Nutrition Examination Survey
(NHANES 1) and from the 1990 and 1991 Nationa Health Interview Survey. Of the 2,569
respondents receivin a hearin test on the NHANES | who were included in this analysis, 2,563
provided self-rated data. Data are shown on tablesin annex A.

Scales and M ethods Used

National Health Interview Survey. Like the NHANES, the National Health Interview
Survey is a national probabilit sample of the civilian non-institutionalized U.S. population. The
survey isconducted yearly, however, covering afar larger samplethanthe NHANES— about 50,000
households and about 100,000 related people. Thus, in 1990-91, 93,237 households containing
239,663 people were included (Ries 1994). Of those, 55,385 were males 25 to 65 years old, with
complete covariate dataand thuswereincluded in thisanaysis. Unlikeinthe NHANES, not all data
ontheNational Health Interview Survey camefrom theindividual being described. Whilean attempt
was made to have all adult famil members participate in the interview, data were gathered from
reports by responsible family members (Ries 1994). The authors thus integrated a separate control
into the multivariate analyses of National Health Interview Survey data, indicating whether the data
came from self-response.

The so-called self-rated scale consists of a classification by respondents of their hearin in each ear
without a hearing aid into one of four categories:

® Good

® Littletrouble

® | ot of trouble

® Deaf.

The self-rated scalewas devel oped after the original Health Examination Survey wasfielded in 1960-
62. A drawback of the self-rated scaleisitsimprecisioninassessin  understanding of normal speech
(Ries 1994).

Gallaudet Hearing Scale. The Gallaudet Hearin  Scale was developed in the mid-1960s to
provide greater refinement. The Gallaudet scale presents a cascade of questions to assess the abilit
to understand speech, ranging from whether one can, without a hearing aid,
® Usually hear and understand what person says without seeing hi
face if that person whispers to him from across a quiet room at one
extreme,

to whether one can, without a hearing aid,
® Usually hear and understand a person if that person speaks loudl
into his better ear.
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The two dichotomous measures of hearing that were constructed from the Gallaudet scale to be
included in the logistic regression analyses were GALDET-1 and GALDET-2. GALDET-1 was set
equal to 1 if arespondent indicated that he could not understand awhisper from across aquiet room,
zero otherwise. GALDET-2 was a more restrictive measure, set at 1 if the respondent could not
understand a normal voice from across a quiet room, zero otherwise.

Incorporation of the self-rated scale on the NHANES | permitted adirect comparison of hearin loss
based on bothtestin  and self-rating from that survey, aswell asalink to self-rated hearin lossusing
the same scale on the 1990 and 1991 National Health Interview Survey. For the logistic regression
analysis used here, the self-rated scale results were split into “good” and “worse than good.”

The only two surveys, to the authors' knowledge, that administered both an audiometric test and a
self-assessment, accordin  to the Gallaudet scale, were for a small sample of 256 adultsin the
Philadel phiametropolitan areain the mid-1960s, and for the so-called “ augmentation sample” of the
NHANES | conducted in 1974-75 (Ries 1985). The NHANES | subsample consisted of 3,059
respondents aged 25 to 74, and was too small to incorporate with the desired occupational detail in
the present analysis.

Results and Discussion

Thisanalysis clearly demonstratesthe inadequacy of the self-rated scale for accurately capturing the
relative risk of hearing loss as aresult of noise exposure, let alone substantial high-tone lossthat, by
itself, threatens the comprehension of normal conversation. The results on the hearing exam
(SEVEREL) and the self-rated scale from the NHANES | also challenge the precision by which the
self-rated scale can identify the relative risk of hearing loss in the lower-frequency range where the
discernment of normal conversation is affected.

Theprevalenceof hearin difficult reported ontheNHANESI self-rated scaleisconsistentl within
the range of prevalence among the more stringent test measures (SEVEREL and SEVERE?) that are
designed to indicate some impairment in ability to understand normal speech. But some high-tone
hearin loss(SLIGHT) wasclearl measurable on hearin tests before respondents on the self-rated
surveys reported a problem.

It also appears that older people may beless aware of hearin 1oss than their younger counterparts.
The prevalence of hearin trouble based on the self-rated scale is situated more closely to the lower
bound of the range where understanding of speech is affected that was established by SEVERE1
among the elderly, but more closely to the upper bound established by SEV ERE2 among the younger

group.

Some improvement in hearing in recent decades among the population is suggested by the lower

prevalenceof hearin trouble shown on the self-rated scale for each age group on the National Health
Interview Survey relative to the corresponding prevalence on the Headth Examination
Survey/NHANES . Thisfinding isin contrast to recent research showing an increase in self-rated
hearin lossfromtheearl 1970stotheearl 1990sinthe United States, based on the Gallaudet scale
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fromthe National Health Interview Survey (Ries 1994) and an analysis of self-rated dataon Alameda
County, California, residentsfrom 1965 to 1994 (Wallhagen Strawbridge, Cohen, and Kaplan 1997).

One demographic change may have influenced the survey results: theindustrial shift from goods- to
service-producing jobs from the 1970s to the 1990s is apparent in table 1 in the smaller proportion
of themal elabor forcein blue-collar manufacturingand minin industry jobs, and ahigher proportion
in “white-collar, other” industry jobs on the National Health Interview Survey relative to the Health
Examination Survey/NHANES .

The blue-collar:white-collar difference was most pronounced for the hearin  |oss measures with the
stiffest self-rated criteria, suggesting that therisk of progressivehearin losswasal so associated with
class of employment. Except for construction work, for instance, the risk for incurring hearing loss
such that one had, at aminimum, difficult hearin anormal conversation from across a quiet room
(GALDET-2), was more than twice as high for blue-collar as for white-collar workers across
industries. The blue-collar:white-collar disparit for the risk of ssmpl having a “little trouble’
(GALDET-1) hearing, onthe other hand, was not asgreat. Asnoted earlier, white-collar construction
workers spend more time literally in the trenches compared with other white-collar workers.

OntheNational Health Interview Survey, however, ratesof self-rated hearin loss among blue-collar
workers (tables 2a-2c) did not reflect a comparative disadvantage among construction workers that
were evident from regression resultson hearin  test data, except for older workers (age 45-65 years)
(table 3c).

Once again, the prevalence of hearin loss accordin to the self-rated scale on the NHANES |, both
among the younger and the older age groups, generally fits within the range of the two hearing-test
measures most attuned to lossin understanding normal speech (SEVEREL and SEVERE?2). Y ounger
workerstend to more-readil recognizelossin hearin affected strictl by substantial high-tone loss
(SEVERE2), regardlessof occupational classandindustry, whereasolder workers' appraisalsof their
own hearing falls closer to SEVEREL, for which low-frequency hearing loss is always a factor.

However, the results on the self-rated scale on the NHANESI depart significantly from those of the
hearing-test. Indeed, the oddsratio of self-rated hearin |ossamong blue-collar constructionworkers,
although exceedin one, was smaller and closer in magnitude to that of manufacturing and mining
workers than in the hearing-test results and barely achieved statistical significance.

Limitations

Theresultson the self-rated scalefrom the National Health Interview Survey (table 3a, columns7-9)
should thus be put into the context of the potential weaknesses of the self-rated scale. While showing
agenerall higher relativerisk for hearin lossfor blue-collar than for white-collar workers, the self-
rated scal e by industry breakdown shows, contrary to the hearing-test resultsfrom the earlier survey,
blue-collar construction workers having lower odds of hearin lossthan their counterpartsin minin
or manufacturing.
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Results from regressions on the self-rated scale did not reinforce the hearing-test results. The self-
rated measure for which the results patterned most closely after the hearing-test results (for instance,
SEVERE2) was GALDET-2. However, the marked el evated risk of substantial high-tonelossamong
construction workers (MODERATE) did not trandate into adistinctl elevated risk compared with
other blue-collar workersfor GALDET-2, particularl for theyounger group. Only in the older group
did theoddsratio of hearin losson GALDET-2 for blue-collar construction workers exceed that for
blue-collar workersin each other industry, asin the hearing-test analysis. Furthermore, GALDET-2
isan indicator of arelatively rare event, occurring at about one-quarter the rate of substantial high-
tone hearin loss (MODERATE) for both younger (table 2b) and older (table 2c) blue-collar
construction workers.

GALDET-2 showed a notable elevated risk for hearin loss among the younger white-collar
construction and minin  workers. Small sample size for younger white-collar construction workers
on the earlier surveys may explain why such hearin 1oss was not as evident as on the hearing-test
results. Among the older group of white-collar workers, a significantly elevated relative risk of
hearing loss was evident from the hearing-test measures of high-frequency hearing loss, but from
none of the self-rated results. Such heightened risk of high-frequenc lossin the older group could
result from several factors, including occupationa noise exposure as blue-collar workersin the
industry prior to advancing to white-collar positions where the risk was reduced; to some exposure,
even as a white-collar worker, over along tenure to the generally elevated on-site noise within the
construction industry; or to the idiosyncratic nature of occupational classification in construction,
where many independent contractors are “managers’ in the technical sense, but are also production
workers directl subject to the on-site environment. The heightened risk for the younger age group
accordin to GALDET-2 uncovered on the National Health Interview Survey for white-collar
construction and mining workers might also be attributable to such direct exposures.

Those who were in the younger age group in the 1971-75 NHANES analysis would roughly fit into
those in the older age group in the National Health Interview Survey analysis. But, because of the
absence of hearing-test data after 1975, it isespeciall difficult to decipher reliabl a pattern in the
results (tables 3b and 3c). The odds ratios for SEVEREL and SEVERE?2 across industries for the
younger group are similar to those for GALDET-2, in particular, for the older group. But the
respective oddsratios across surveyswithin each age group al so display similar patterns, asdiscussed
earlier.

Although not asreliable as hearin test results, the results from self-rating of hearing reinforce the
need, discussed above, for formal hearin tests integrated into hearing conservation programsin
construction and other industries where workers are exposed to levels of noise that pose risk of
hearing | oss.



